INTRODUCTION

A fender
is an important component of waterfront facilities, designed to absorb shock from the berthing ship impact, for the purpose of protecting both the ship and the marine structure. Retractable fender system has showed a satisfactory performance in, this field1),2). i ) The inclination of the sliding surface.
ii ) The effective retractable weight.
iii) The coefficents of friction of the sliding surface.
Most designers select the sliding surface to have a constant inclination through the whole retraction1),3 ( 1 ) from Fig. 1 the force F, equals to ; ( 2 ) in which f denotes the coefficent of friction between the ship hull surface and the fender front surface. Also F2 equals to ; 
For general utilizing of equation ( 4 ) Substituting ( 6 ) into ( 4 ), the general form of the load P will be obtained ;
From ( 7 ) From eq. ( 7 ) we can obtain,
Integrating ( 9 ) with respect to x, the sliding surface equation y-=G(x) can be obtained which will equal to ; where : MMin,are the effective masses of the structure, ship and the fender respectively. k,, x1 are the structure stiffness and deflection in direction of motion.
The initial velocity of the system (x10) is evaluated from consideration of kinetic energy conservation just before and after contact.
Assuming the velocity of the ship just before contact vo, acting in a plane normal to the face of berthing and passing through the center of gravity of the berthing structure.
The kinetic energy just before contact is given by and the after contact is Equating the two energies, i0 will be given in the form :
However, the mass of fender and berthing structure are very small campared with the ship mass, that can be neglected giving a value as and
The solution of (12) with the above conditions is given in the form,
where At time t1 the structure is deflected a distance xi'
given by ;
besides, the structure reaction 'R1' will equal to the acting load P1 i.e.
(15) Substituting (11) and (14) into (15) 
THE THIRD STAGE
In case when the fender weight retracted to its max. displacement and the ship is not brought to rest, the fender will contact the structure and all the system will move together as one body. In this stage equ. (12) will hold with the following initial conditions; x1=0 v3 is calculated by consideration of momentum conservation just before and after time t2, this leads to: (19) 
Trials has been made, using two structures having different stiffness namely, a rigid structure (k1= 800 t/cm) and flexible one (k1=100 t/cm).
Each of the two structures was provided with different types of retractable fender. The fender type can be easily ches 60% of G'(x)cr value. This value of G'(x) is recommended as max inclination of the sliding surface as stated before. In Fig. 3 , P,/TIT denotes the P(x)/W value corresponing to G' (x)=0.
The variation in P,/1V values due to the different combination is so small that, the average value is considered in plotting Fig. 3 . the structure is min. Fig. 7 represents the typical dynamic response of a berthing ship and structure in the three stages of motion explained before, namely from time of contact "to" to t, when the fender comes into action and from t, to t2 when the fender reaches its max travell and from t2 to t3 where the ship separates from the berthing structure.
COMMENTS ON THE RESULTS
From Table 1 the followings can be deduced ; 1) For rigid structure, (k1=800 t/cm) the part of the ship kinetic energy that stored by the structure and that dissipated by fender, depends on the relative stiffness of the structure and fender, and consequently on their combined dynamic behaviour during berthing. This is clear from comparing cases 1 and 6 with 2 and 7 respectively. Fenders in cases 2 & 7 provide larger amount of energy dissipation than those in cases 1 & 6, while the energy stored by structure is on the contrary.
2) In case 3, the energy dissipated by fender and that stored by structure are almost the same as those included in case 6. Selecting one of the two cases for design will depend on the costs of the fender in each case (comprising fender frame, auxiliary weight and supporting brackets)
3) Also, the choice between case 3 or 6 (rigid structure.) and case 10 (flexible structure.)will depend on the function of the structure. If the berthing structure, carried heavy loads, there is no choice ; deflection 
